INTRODUCTION
============

The estimated total worldwide cost of dementia was 818 billion United States dollars in 2015 and this is expected to rise to 2 trillion dollars by 2030.^[@r01]^ The development of a dementia prevention strategy is a current global public health issue. Dementia onset is a long-term process and is affected by various factors, such as age, low education, smoking, obesity, physical inactivity, comorbidities (eg, hypertension, diabetes mellitus, and depression), and drug use.^[@r02]--[@r05]^ However, most research has focused on these processes during mid- and late-life.

Increasing evidence indicates the usefulness of a lifecourse perspective on the process of cognitive decline and dementia onset, focusing on childhood socioeconomic disadvantage.^[@r06]--[@r13]^ For example, Moceri et al showed that children from larger households and whose fathers were unskilled manual workers had a greater risk of Alzheimer's disease.^[@r06],[@r07]^ Moreover, Turrell et al reported that childhood lower socioeconomic conditions, lower education, and lower income were associated with poorer cognitive performance.^[@r10]^

These studies suggest a persistent influence of childhood socioeconomic status (SES) on cognitive function and dementia onset in old age. However, most previous studies on the relationship between childhood SES and cognitive outcomes have been conducted in Western countries. Considering the differences in social, cultural, and historical contexts between Western and non-Western countries, it is important to explore the association between childhood SES and cognitive outcomes in non-Western societies, such as Japan. Many older people in Japan experienced potentially harmful circumstances resulting from war, such as food shortages, poverty, military enlistment, injury, and the death of family members in the periods during World War II (WWII) and immediately after WWII (a chaotic postwar era).^[@r14]--[@r16]^ These social and historical features may influence the association between childhood SES and health in Japanese individuals.^[@r17]--[@r20]^ Data from non-Western societies include factors not present in Western countries and could offer useful insights into the underlying mechanisms and prevention strategies of dementia.

In the current study, we aimed to investigate the association between childhood SES and subjective symptoms of dementia among community-dwelling older Japanese people using a population-based, large-scale questionnaire survey. Some Japanese studies have shown effect modifications of age and sex on the association between childhood socioeconomic disadvantage and late-life health status factors, such as mortality,^[@r18]^ depressive mood,^[@r19]^ and functional impairment.^[@r17],[@r20]^ Therefore, we also examined age and sex variations in the association between childhood SES and subjective dementia symptoms.

METHODS
=======

Study design, participants, and setting
---------------------------------------

A cross-sectional survey was conducted in July 2015 using a mailed self-administered questionnaire. The target population comprised all community-dwelling individuals aged 65 years and over in Adachi Ward, Tokyo, Japan. Adachi is located in the northeast part of the Tokyo metropolitan area. As of July 1, 2015, its population was 677,531 (339,951 men and 337,580 women), and it had a population density of 12,723.6 persons/km^2^. The proportion of people aged 65 years and over was 24.3%. Adachi has the fifth biggest population size but the fifth lowest population density among the 23 wards in the Tokyo metropolitan area. The average taxable income of Adachi is the lowest among the 23 wards.

As of April 1, 2015, the population of individuals aged 65 years and over was 163,719. We excluded people with long-term care insurance certification, including both required support levels 1--2 and care levels 1--5 (ie, people who the local municipality had officially certified as requiring any type of long-term care services^[@r21]^; *n* = 29,327) and those who had died, moved away, or had newly received long-term care insurance certification by the date the questionnaire was dispatched in July (*n* = 2,387). Therefore, 132,005 questionnaires were distributed. To combine the data from the questionnaire survey with data from other sources (eg, basic resident register, death data, and long-term care insurance certification), we added a label with an identification number and the participant's name and home address to the questionnaire. However, all analyses preserved the anonymity of the data.

Most of the study participants were children during WWII (1937--1945) and during the chaotic postwar era. The year that WWII ended (1945) was the birth year of people aged 70 years in 2015. Those aged 65--74 years in 2015 were of school age (around 7--12 years old) immediately before and during a period of high economic growth in Japan (mid-1950s to mid-1970s). In contrast, those aged 75 years and over were of school age during the prewar, WWII, and postwar periods.

The study protocol was approved by the Ethics Committee of Tokyo Metropolitan Institute of Gerontology. All participants gave informed consent before their inclusion in the study.

Measures
--------

### Subjective symptoms of dementia

Subjective symptoms of dementia were assessed using a self-administered dementia checklist (SDC), which was developed to enable community-dwelling older people to recognize their declining functions at an early stage of dementia progression.^[@r22],[@r23]^ This scale consists of 10 items on two subscales (subjective cognitive decline and instrumental activities of daily living); both subjective cognitive decline and instrumental activities of daily living can predict onset of dementia.^[@r24],[@r25]^ Item responses are on a four-point Likert scale. The total score range is 10--40; higher scores indicate greater severity of subjective dementia symptoms.

The SDC discriminates between patients with dementia (Clinical Dementia Rating \[CDR\] scale score of ≥1) and those without dementia (CDR score of 0 or 0.5) using a cut-off point of 17/18.^[@r22],[@r23]^ The CDR is a global rating scale that evaluates the severity of symptoms of dementia. During the development of the SDC, psychiatrists interviewed older individuals and members of their family and used their clinical judgment to assign CDR scores. We regarded SDC scores of ≥18 as indicating subjective dementia symptoms and used this cut-off point in the study.

This study was a population-based, large-scale survey of community-dwelling older people; therefore, the use of the CDR was infeasible. Instead, as the SDC had been validated via comparison with the CDR (as scored by psychiatrists), we used the SDC to assess subjective dementia symptoms as a surrogate marker of dementia.

### Childhood socioeconomic disadvantage

We asked participants to retrospectively rate their childhood SES using a single item that asked: "How would you rate the socioeconomic status of your family when you were at school age, in comparison with other families?". Responses were indicated on a five-point Likert scale: "high," "middle-high," "middle," "middle-low," and "low." Because the proportion of responses in the "high" category was small (2.6%), we combined the "high" and "middle-high" categories. In total, we examined four categories in our final analysis.

### Covariates

We included age, sex, years of education, marital status, living alone, current working status, smoking status, regular exercise habits, body mass index, presence of diagnosed diseases, and depression. The local municipality (ie, Adachi Ward) provided us with information about age and sex from the basic resident register. The questionnaire assessed the other variables. Years of education were categorized into three groups (≤9 years, 10--12 years, and ≥13 years). Body mass index (kg/m^2^) was divided into three categories (underweight \[\<18.5 kg/m^2^\], normal weight \[18.5--24.9 kg/m^2^\], and overweight \[≥25 kg/m^2^\]). Diagnosed diseases were cancer, heart disease, stroke, hypertension, hyperlipidemia, and diabetes mellitus. To assess depression, we used a two-question case-finding instrument for depression.^[@r26]^ The validity of this instrument to detect depression has been demonstrated.

Statistical analysis
--------------------

Logistic regression analysis was used to examine the association between childhood SES and the likelihood of subjective dementia symptoms. We used a four-step modeling strategy. In model 1, we included age, sex, and childhood SES. In model 2, years of education, marital status, living alone, and working status were added to model 1. In model 3, smoking status, regular exercise habits, and body mass index were additionally controlled. Finally, presence of diagnosed diseases and depression were adjusted in model 4. Moreover, to determine whether there were age and sex variations in the association between childhood SES and subjective dementia symptoms, model 4 additionally explored the interaction between childhood SES and age/sex. When significant interactions were found, we additionally performed stratified analysis by age and/or sex. The results of the estimations were shown as odds ratios (ORs) with 95% confidence intervals (CIs). All analyses were performed using IBM SPSS 23 (IBM Corp., Armonk, NY, USA).

RESULTS
=======

Of 132,005 questionnaires distributed, 78,917 were returned (response rate: 59.8%). We compared respondents and non-respondents on age and sex. A lower proportion of respondents were men, and respondents were older than non-respondents (45.0% vs 49.0%, and mean 73.8 \[standard deviation {SD}, 6.0\] years vs 72.4 \[SD, 6.0\] years; *P* \< 0.001 using chi-square test and *t*-test, respectively). Because this study targeted community-dwelling older people, we excluded participants who were not living in their own homes (eg, those currently hospitalized for a long time or who resided in care facilities; *n* = 3,559). As a result, 75,358 questionnaires were regarded as valid responses (valid response rate: 57.1%) and were included in the analysis.

Table [1](#tbl01){ref-type="table"} shows participants' characteristics. The average age was 73.8 (SD, 6.0) years, and 45.0% of participants were men. In terms of childhood SES, the proportion of responses for the high/middle-high, middle, middle-low, and low categories were 15.1%, 45.9%, 26.0%, and 13.1%, respectively. As assessed using the SDC, 6.6% of participants were categorized as having subjective dementia symptoms, and the proportion was greater in the older subgroup.

###### Participant characteristics

                                 Total        65--74 years   ≥75 years
  ------------------------------ ------------ -------------- ------------
  Age, years                     73.8 (6.0)   69.5 (3.0)     79.6 (3.8)
  Men                            45.0         45.3           44.5
  Years of education                                          
   ≤9                            37.4         30.6           47.3
   10--12                        39.9         43.1           35.2
   ≥13                           22.7         26.2           17.4
  Married                        65.8         69.7           60.2
  Living alone                   22.0         20.6           23.8
  Currently working              37.7         46.8           24.8
  Current smoker                 13.2         16.6           8.5
  Regularly exercising           57.4         58.4           56.0
  Body mass index, kg/m^2^                                    
   \<18.5                        7.3          6.6            8.4
   18.5--24.9                    68.7         68.8           68.5
   ≥25.0                         23.9         24.6           23.1
  Diagnosed disease                                           
   Cancer                        9.3          8.6            10.3
   Heart disease                 11.1         8.9            13.8
   Stroke                        4.1          3.6            4.8
   Hypertension                  45.8         42.6           50.4
   Hyperlipidemia                12.2         13.0           11.0
   Diabetes mellitus             14.5         14.3           14.9
  Depression                     19.5         16.8           23.2
  Childhood SES                                               
   High/middle-high              15.1         14.0           16.5
   Middle                        45.9         44.5           47.8
   Middle-low                    26.0         27.5           23.8
   Low                           13.1         14.0           11.9
  Subjective dementia symptoms   6.6          3.7            10.6

SES, socioeconomic status.

Values represent mean (standard deviation) or %.

Table [2](#tbl02){ref-type="table"} indicates the association between childhood disadvantage and subjective dementia symptoms. In model 1, after adjusting for age and sex only, lower childhood SES was associated with greater likelihood of having subjective dementia symptoms (OR 2.21; 95% CI, 1.97--2.48 for the low category, OR 1.69; 95% CI, 1.52--1.88 for the middle-low category, and OR 1.13; 95% CI, 1.02--1.25 for the middle category). This association was attenuated in models 2 through 4, but low and middle-low childhood SES were still statistically significant even in the final model (OR 1.38; 95% CI, 1.19--1.60 for the low category and OR 1.22; 95% CI, 1.07--1.39 for the middle-low category).

###### Associations between childhood socioeconomic status and subjective dementia symptoms

                             Model 1   Model 2        Model 3   Model 4                                     
  -------------------------- --------- -------------- --------- -------------- ------ -------------- ------ --------------
  Age, every 10 years        3.25      (3.10--3.42)   2.78      (2.62--2.95)   2.58   (2.43--2.75)   2.52   (2.36--2.69)
  Men                        1.33      (1.24--1.41)   1.48      (1.38--1.60)   1.55   (1.43--1.67)   1.53   (1.41--1.67)
  Childhood SES                                                                                              
   Low                       2.21      (1.97--2.48)   1.77      (1.54--2.02)   1.70   (1.48--1.95)   1.38   (1.19--1.60)
   Middle-low                1.69      (1.52--1.88)   1.41      (1.25--1.59)   1.36   (1.20--1.55)   1.22   (1.07--1.39)
   Middle                    1.13      (1.02--1.25)   0.99      (0.89--1.11)   0.99   (0.88--1.11)   0.98   (0.87--1.11)
   High/middle-high          1.00                     1.00                     1.00                  1.00    
  Years of education                                                                                         
   ≤9                                                 1.54      (1.39--1.71)   1.48   (1.33--1.65)   1.44   (1.28--1.61)
   10--12                                             1.13      (1.02--1.26)   1.09   (0.98--1.22)   1.08   (0.96--1.21)
   ≥13                                                1.00                     1.00                  1.00    
  Not married                                         1.20      (1.09--1.32)   1.13   (1.02--1.28)   1.16   (1.04--1.29)
  Living alone                                        0.66      (0.59--0.74)   0.69   (0.61--0.78)   0.61   (0.53--0.69)
  Currently not working                               1.75      (1.61--1.91)   1.82   (1.67--1.99)   1.60   (1.46--1.75)
  Current smoker                                                               0.99   (0.89--1.11)   0.93   (0.82--1.04)
  No regular exercise                                                          2.59   (2.40--2.79)   2.20   (2.04--2.39)
  Body mass index, kg/m^2^                                                                                   
   \<18.5                                                                      1.46   (1.29--1.65)   1.33   (1.17--1.51)
   18.5--24.9                                                                  1.00                  1.00    
   ≥25.0                                                                       1.02   (0.93--1.11)   1.02   (0.93--1.12)
  Cancer                                                                                             1.03   (0.92--1.16)
  Heart disease                                                                                      1.25   (1.13--1.39)
  Stroke                                                                                             1.91   (1.66--2.19)
  Hypertension                                                                                       0.93   (0.86--1.01)
  Hyperlipidemia                                                                                     1.02   (0.91--1.14)
  Diabetes mellitus                                                                                  1.40   (1.27--1.54)
  Depression                                                                                         5.48   (5.07--5.91)

CI, confidence interval; OR, odds ratio; SES, socioeconomic status.

We examined the differential effect of age/sex on the association between childhood SES and subjective dementia symptoms by adding an interaction between childhood SES and age/sex on subjective dementia symptoms to model 4 (data not shown in the table). Statistically significant interaction terms between childhood SES and age were observed (*P* = 0.030 and *P* = 0.015 for low × age and middle-low × age, respectively; *P* = 0.193 for middle × age). This indicated an effect modification of age on the association between childhood SES and subjective dementia symptoms. However, there was no significant interaction between childhood SES and sex (*P* = 0.131, *P* = 0.269, and *P* = 0.322 for low × sex, middle-low × sex, and middle × sex, respectively).

To examine the effect modification of age, we conducted a stratified analysis by age subgroup (65--74 years and ≥75 years); the results are shown in Table [3](#tbl03){ref-type="table"}. The association between childhood SES and subjective dementia symptoms was statistically significant in both age subgroups in model 4. However, this association was greater in the ≥75 years subgroup than in the 65--74 years subgroup.

###### Age-stratified analysis on the associations between childhood socioeconomic status and subjective dementia symptoms

                      Model 1   Model 2        Model 3   Model 4                                     
  ------------------- --------- -------------- --------- -------------- ------ -------------- ------ --------------
  **65--74 years**                                                                                    
  Childhood SES                                                                                       
   Low                2.06      (1.69--2.51)   1.66      (1.33--2.08)   1.60   (1.27--2.02)   1.32   (1.04--1.68)
   Middle-low         1.51      (1.25--1.82)   1.31      (1.06--1.61)   1.30   (1.05--1.61)   1.21   (0.97--1.51)
   Middle             0.95      (0.79--1.15)   0.87      (0.71--1.07)   0.88   (0.72--1.09)   0.93   (0.75--1.15)
   High/middle-high   1.00                     1.00                     1.00                  1.00    
  **≥75 years**                                                                                       
  Childhood SES                                                                                       
   Low                2.30      (1.99--2.67)   1.85      (1.56--2.19)   1.78   (1.49--2.12)   1.46   (1.21--1.76)
   Middle-low         1.81      (1.59--2.07)   1.49      (1.29--1.73)   1.42   (1.22--1.66)   1.24   (1.06--1.46)
   Middle             1.23      (1.09--1.39)   1.07      (0.93--1.23)   1.06   (0.92--1.22)   1.03   (0.89--1.20)
   High/middle-high   1.00                     1.00                     1.00                  1.00    

CI, confidence interval; OR, odds ratio; SES, socioeconomic status.

Model 1: Adjusted for age, sex, and childhood SES.

Model 2: Addition of years of education, marital status, living alone, and current working status to model 1.

Model 3: Addition of smoking status, regular exercise, and body mass index to model 2.

Model 4: Addition of cancer, heart disease, stroke, hypertension, hyperlipidemia, diabetes mellitus, and depression to model 3.

DISCUSSION
==========

This study examined the association between childhood socioeconomic disadvantage and the likelihood of subjective dementia symptoms (as assessed using the SDC) among community-dwelling older Japanese people. Despite increasing evidence for an association between childhood socioeconomic disadvantage and cognitive outcomes in Western societies,^[@r06]--[@r13]^ there are no studies from Asian countries. Therefore, it is important to obtain evidence from Asian samples to inform a lifecourse approach to dementia prevention. To our knowledge, this is the first report of an association between childhood SES and dementia-related outcome in Asian countries.

We found that lower childhood SES was associated with greater likelihood of having subjective dementia symptoms in later life, even after controlling for potential covariates in models 1--4. This direct association could be explained via biological embedding, the process by which the effects of experience become deeply embedded and alter human biology and development.^[@r27]^ Biological embedding can also influence brain reserve. For example, childhood socioeconomic disadvantage can hamper the development of crucial brain structures. If the brain does not fully develop during maturation, there may be an increased risk of Alzheimer's disease later in life.^[@r06]^ Indeed, lower childhood SES is associated with smaller adult hippocampal volume.^[@r28]^ This indicates that early life conditions might affect structural brain development and then cause dementia symptoms in later life.

Because we found a significant interaction between childhood SES and age on subjective dementia symptoms, we performed an age-stratified analysis. This showed that the association between childhood SES and subjective dementia symptoms was stronger in old-old participants than in young-old participants in models 1 to 4. Although age was found to be strongly associated with subjective dementia symptoms in this study and in previous studies,^[@r02]--[@r05]^ we revealed that age is also an effect modifier of the association between childhood SES and dementia symptoms. Participants aged ≥75 years in 2015 experienced severe childhood conditions (eg, food shortages, poverty, military enlistment, injury, and the death of family members) during wartime or immediately after WWII (a chaotic postwar era). Biological embedding might be common in this generation, causing a direct association between lower childhood SES and subjective dementia symptoms in late life. In contrast, participants aged 65--74 years were of school age just before or at the start of the high economic growth period. In this period, the living standards of Japanese people increased and socioeconomic inequality decreased.^[@r29]^ Thus, the direct influence of childhood SES on dementia symptoms might be relatively smaller in the 65--74 years subgroup than in the ≥75 years subgroup. Systematic differences in early experience across different socioeconomic environments could lead to different biological outcomes, which in turn may influence cognitive function across the life cycle.

The present study has several limitations. First, we assessed subjective dementia symptoms using the SDC. This scale is based on self-reported responses rather than on physician diagnosis. In addition, although the SDC can discriminate patients with dementia (CDR score of ≥1) from those without dementia,^[@r22],[@r23]^ a previous study indicates that the discriminant validity of this scale is insufficient.^[@r22]^ Therefore, it would be useful to conduct further studies of individuals with diagnosed dementia to confirm the findings reported here. Second, we assessed childhood SES retrospectively. Although the validity of using retrospective assessments of childhood SES in studies of life course epidemiology has been confirmed,^[@r30]^ the effects of such assessments on outcomes might have been underestimated.^[@r31]^ Third, as our findings were derived from a questionnaire survey with an approximate response rate of only 60%, we cannot rule out the possibility of selection bias. For example, people with severe dementia symptoms, childhood disadvantage, and/or disability may be less likely to respond to surveys. Thus, the current results may have underestimated the associations between childhood SES and subjective dementia symptoms. Fourth, there may be residual confounding of the association between childhood SES and subjective dementia symptoms. For example, parental educational level and parental dementia history might affect both participants' childhood SES and their probability of having dementia symptoms. These factors should be considered in future studies.

In conclusion, using a population-based, large-scale questionnaire survey, we found that lower SES in childhood was associated with greater likelihood of having subjective dementia symptoms in later life. The current findings highlight the importance of considering long-term effects of childhood socioeconomic environment in assessing the risks of adverse health outcomes. Furthermore, this association varied by age. This differential association between childhood SES and subjective dementia symptoms might be explained by the social and historical context in Japan (ie, WWII, postwar chaos, and high economic growth) that shaped participants' early experiences. Studies from Western countries have also reported an association between childhood socioeconomic disadvantage and cognitive outcomes. However, the social and historical backgrounds that may give rise to this association differ across societies and nations. Thus, policy-makers should develop upstream interventions that target childhood, such as enhancing social security in early age, depending on the background of the particular society. Because childhood SES may directly affect dementia symptoms in later life, such interventions could contribute to reducing the incidence of future dementia.
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